Materials and Methods

Protein expression and purification
Codon-optimized human αS, [1] but lacking the post-translational amino-terminal acetylation, was expressed and purified from E. coli BL21(DE3) using standard methods. Briefly, αS expression was induced with 1 mM IPTG when the OD of 1 L of 13 C, 15 N-M9 minimal medium at 37 °C reached 0.6-0.8 units. Protein expression proceeded for 3 hours, upon which cells were pelleted and stored at -80 °C until use. Cell pellets were resuspended in 15 mL of 20 mM Tris-HCl, 2 mM EDTA, 2 mM benzamidine, pH 7, and then placed in a water bath at 90 °C for 10 minutes. One protease inhibitor tablet (Roche) was included in the initial buffer, with only EDTA and benzamidine used in subsequent buffers. The resultant solution was centrifuged at 20,000 x g for 20 minutes, and the supernatant was loaded onto a HiTrap Q column equilibrated in the resuspension buffer. αS was eluted using a linear gradient of 1M NaCl from 7%-20%, with elution near 15% NaCl. All αS-containing fractions were pooled and then purified further by size exclusion chromatography and a Superdex S75 26/60 column (GE Healthcare) equilibrated in 20 mM NaH 2 PO 4 , pH 6, 2 mM EDTA, and 2 mM benzamidine as a broad spectrum protease inhibitor.
The C-terminal fragment of human αS (87-140), including an S87C mutation, [2] was purified from E. coli BL21(DE3) as above, except that 5 mM β-mercaptoethanol (BME) was included in all buffers to keep the Cys residue reduced.
The His 6 -tagged α-crystallin domain (ACD) of human HSP27 (residues 84-171), including the C137S mutation, was expressed and purified from E. coli BL21(DE3) as described previously. [3] Protein expression was initiated upon the addition of 1 mM IPTG to 13 C, 15 N-M9 minimal medium when the OD of the culture reached 0.6-0.8 units. Expression continued for 3 hours at 37 °C, and cells were then pelleted and stored at -80 °C until use. Cells were resuspended in 20 mM Tris-HCl, 2 mM benzamidine, 30 mM imidazole at pH 7, and lysed using a Cell Disruptor (Constant Systems LTD) with multiple passes at 2 kbar. The lysed cells were centrifuged at 20,000 x g for 20 minutes, and the supernatant was applied over a HisTrap column equilibrated in the resuspension buffer. Bound ACD was eluted from the column with 300 mM imidazole, and the ACD-containing fractions were digested with His 6 -tagged TEV protease overnight at 4 °C in the resuspension buffer. The cleaved His 6 tag and His 6 -tagged TEV protease were separated from the ACD by reverse Ni 2+ affinity (HisTrap), and the ACD was subjected to size exclusion chromatography using a Superdex S75 26/60 column equilibrated in 30 mM NaH 2 PO 4 , pH 7, 2 mM EDTA, 2 mM benzamidine.
A plasmid encoding the amino acid sequence of human ubiquitin bearing the V17A and V26A mutations was purchased from ATUM and transformed into E. coli BL21(DE3) competent cells. The recombinant protein was expressed and purified, with uniform N-ISOGRO (Sigma-Aldrich). After 3 hours of expression at 37 °C, cells were pelleted and lysed and centrifuged as above. The pH of the supernatant was then lowered to 3.3 using acetic acid, and this solution was centrifuged at 20,000 x g for 20 minutes at 4 °C. The resultant supernatant was subjected to size exclusion chromatography as above, except in 10 mM KPi at pH 6.8. Fractions that contained ubiquitin were additionally purified using reverse-phase HPLC with a Vydac 214TP C4 column. Ubiquitin V17A/V26A eluted near 35% acetonitrile with 0.1% trifluoroacetic acid, and this sample was dialyzed twice into four liters of 25 mM potassium phosphate buffer (pH 6.4), and concentrated.
Preparation of peptide solutions
Oligo-peptides used are listed in Table S1 and were kindly synthesized by Galina Abdoulaeva at the Center for Biologics Evaluation and Research (CBER) of the Food and Drug Administration (FDA). The Nand C-termini of αS peptides were blocked with acetylation and amidation, and the tri-peptides FPA, MPS, and APQ were synthesized with and without blocked termini. All peptides were dissolved at a concentration of 40-50 mM in 20 mM NaH 2 PO 4 and the pH of the solution was adjusted to 6 using concentrated NaOH. To match protein samples, the solution also contained 2 mM EDTA and 2 mM benzamidine.
NMR spectroscopy
All samples for NMR spectroscopy included 7% D 2 O and NMR spectra were recorded at 288 K. 13 C, 15 N-αS was concentrated to 0.9 mM in 20 mM NaH 2 PO 4 , pH 6, 2 mM EDTA, 2 mM benzamidine, with 290 μL loaded into a Shigemi micro NMR cell. A separate sample was prepared with 1.1 M NaCl, using a thickwalled, 2.2 mm ID NMR tube (New Era Enterprises, Inc.). Spectra were recorded on a Bruker Avance III 700 MHz spectrometer equipped with a cryogenically cooled probe. 13 C, 15 N-ACD(C137S) was concentrated to 1.6 mM in 30 mM NaH 2 PO 4 , pH 7, 2 mM EDTA, 2 mM benzamidine. 280 μL of the sample was loaded into a high-pressure tube (Daedalus Innovations) and pressurized to 2.5 kbar. N-ubiquitin(V17A/V26A) was concentrated to 0.7 mM in 25 mM potassium phosphate buffer at pH 6.4, loaded into a high-pressure tube, and pressurized to 2.5 kbar. Spectra were recorded on a Bruker Avance III 800 MHz spectrometer equipped with a cryogenically cooled probe.
3D HNCO and HNCA spectra were recorded to facilitate identification and assignment of the lowly populated cis-Pro conformations. When non-uniform sampling was used, the spectra were reconstructed using the SMILE program, [4] and all NMR spectra were processed and analyzed with NMRPipe [5] and Sparky. [6] Chemical shift perturbations in Figure 3 were calculated using the following equation: Δδ eff = (∆ ) + (∆ /5) . Figure S1 . 2D 1 H-15 N HSQC NMR spectrum of αS, with resonance assignments marked for residues impacted by cis-Pro formation. The sample contained 0.9 mM αS in 20 mM NaH 2 PO 4 at pH 6, 2 mM EDTA, 2 mM benzamidine, 288 K. Assignments for resonances affected by cis-Pro formation are colored red whereas resonances corresponding to trans-Pro are shown in black. For each of the five Pro residues, the fraction of cis was less than 5%, resulting in an effective NMR-observable concentration of ≤40 μM protein. A total of 27 out of 140 residues are visibly impacted by cis-Pro formation (including the Pro residues, which are not observable in the spectrum above). The peak labeled F4* corresponds to a ~3.5% fraction of protein that has been oxidized at M5. Figure S4 . Impact of hydrostatic pressure on cis-Pro formation in αS. The fraction of cis-Pro was measured at 1 bar (black) and at 2.5 kbar (green). Agreement to within experimental uncertainty between the two datasets indicates that high pressures has no detectable impact on cis-Pro formation. Table S1 . Peptides used to quantify cis-Pro fractions. Ac and NH 2 refer to acetylation and amidation, respectively. The bolded proline numbers correspond to those in αS and are included for clarity.
